,g/ml and 50 to 100 Ag/ml, respectively. Further studies revealed that certain Sauton nutrients are required to achieve this effect. When L-asparagine or salts (MgSO4 and ferric ammonium citrate) or both were deleted from the menstruum, pyridoxal did not inhibit isoniazid incorporation by the tubercle bacilli. Pyridoxal also failed to inhibit uptake when (NH4)2SO4 was substituted for L-asparagine. Growth experiments in Sauton's medium modified to contain (NH4)2SO4 instead of L-asparagine were consistent with the latter finding. Pyridoxal did not prevent isoniazid growth inhibition in this medium. It is postulated that a large excess of pyridoxal in Sauton's medium protects tubercle bacilli from the effects of isoniazid through formation of an extracellular complex involving drug, vitamin, and certain medium constituents, thereby reducing the level of isoniazid available to the cells.
At extremely low concentrations, isoniazid (INH) exerts a profound and highly specific inhibitory effect on the growth of Mycobacterium tuberculosis. Although numerous attempts have been made to identify the primary target or site of INH action, no one hypothesis is generally accepted. The high degree of specificity exhibited in the INH-tubercle bacillus relationship can be explained in part on the basis of drug uptake. INH-susceptible tubercle bacilli take up the drug much more readily than do resistant strains or other microbial species (1, 2, 11, 16) . This finding indicates that the primary site of action need not be a metabolic function peculiar to the tubercle bacillus.
Numerous reports suggest that INH interferes with vitamin B6 metabolism (5, 7-10, 12, 13, 15) . One of the arguments used to support this hypothesis is based on the observation that the presence of excess pyridoxal in culture media protects M. tuberculosis from growth inhibition by isoniazid (3, 9, 10) . Experiments reported by Boone et al. (3) and by Youatt (16) indicated that pyridoxal stimulates 14C-INH uptake by the tubercle bacillus. The uptake studies were particularly intriguing since they seemed to be inconsistent with the growth inhibition experiments.
The results reported in this communication indicate that a large excess of pyridoxal in growth media protects the tubercle bacillus from INH by preventing cellular accumulation of toxic drug levels. It is postulated that an extracellular complex is formed involving pyridoxal, INH and certain medium constituents.
MATERIALS AND METHODS
Organism. M. tuberculosis strain H37Ra was used exclusively in these studies. The stock strain carried in this laboratory was obtained originally from the National Communicable Disease Center, Atlanta, Ga. It was grown routinely in the synthetic liquid medium described below.
Medium. The growth medium employed in these studies was essentially the same as that described by Sauton (14) . It 
RESULTS
The inhibitory effect of INH on the growth of M. tuberculosis and the prevention of this inhibition by pyridoxal (B6al) are shown in Fig. 1 . A concentration of 10 pg of pyridoxal per ml of culture completely protected the organism from a minimal inhibitory concentration of drug (0.01 pg of INH per ml).
Tubercle bacilli in Sauton's medium readily incorporated 'IC-labeled INH and this process was inhibited by pyridoxal (Fig. 2) . The results presented in Fig. 2A were obtained by use of the same initial concentrations of drug and vitamin as were used in the growth experiment shown in Fig. 1 . When labeled INH was employed at 0.1 ,ug/ml and pyridoxal at 50 or 100 mg/ml, inhibition of drug incorporation was more severe than at the lower concentrations (Fig. 2B) . Uptake was determined only during the early hours of isoniazid exposure to minimize errors which could result from such factors as drug metabolism (17) , chemical alteration of the drug (3), and cell death.
The uptake data presented in Fig. 2 do not agree with those of previous reports (3, 16) pyridoxal inhibition of INH accumulation (Table  2) . Log-phase cells were harvested from Sauton's medium, washed once in water, and homogenized in approximately 10 ml of PBG. Additional PBG was then added to give a final cell concentra-tion of 0.06 mg/ml. Portions of 25 ml of this suspension were added to each of eight 125-ml flasks, four of which contained 100 mg of powdered L-asparagine. Further additions were made as indicated. Cells were exposed to 14C-INH in these various nutrient environments for 6 hr at 29 C with aeration. Pyridoxal retarded the accumulation of drug only when both asparagine and salts were present (uptake systems From the results of this investigation, it is concluded that a large excess of pyridoxal in Sauton's medium protects the tubercle bacillus from INH growth inhibition by preventing cellular accumulation of toxic drug levels. As indicated earlier, pyridoxal, amino compounds, and cations can combine to form complexes (4). Hawkins and Steenken (6) found that pyridoxal reversed the inhibitory effect of INH on mycobacterial catalase and suggested that a complex was formed involving pyridoxal, cupric ions, and INH rather than an amino compound. In the present study, it was found that L-asparagine and certain Sauton salts were required to demonstrate a pyridoxal inhibition of 14C-isoniazid uptake by M. tuberculosis. It is postulated, therefore, that INH, pyridoxal, metal ions, and asparagine combine to form an extracellular complex which renders the drug less available to the cells. Direct evidence to support the existence of such a complex is lacking, and alternate models can be visualized which would also explain inhibition of INH uptake by pyridoxal.
